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Abstract: Insulator contamination has been identified as the most 
important design parameter for external insulation of the high 
voltage network systems. Wind and electrostatic field plays an 
important role in transporting and depositing of that contamination 
over the insulator surface. This contamination severity on the 
insulator surface can be expressed and represented by Equivalent 
Salt Deposit Density (ESDD). The values of ESDD can be 
determined easily through a closed, form of mathematical relation. 
In this paper, a mathematical relation between ESDD, wind velocity 
and leakage distance of the insulator has been proposed using 
Dimensional Analysis technique. The results obtained from this 
analytical expression have been compared with the practical data, 
which are collected from the Paka Thermal Power Station and good 
agreement are observed at lower wind velocity. 
I. INTRODUCTION 
Peninsular Malaysia is the western part of the Malaysia. 
South China Sea surrounded it on eastern part, while on the 
westem part by Indian Ocean and straight of Melacca. 
Interestingly, most of the country's power stations are on the 
coastal areas of the Peninsular. In the state of Terengganu 
Darul Iman, YTL Thermal and Paka Thermal Power Station 
are found. While in the state of Johor Darul Takzim Pasir 
Gudang Power Station is one of the major landmarks of the 
state. By virtue of their locations, which are closed to the sea, 
their outdoor insulators are easily polluted with salts coming 
from the seas. These insulators are an important component 
of the power station transforming voltage system, the high 
voltage switchyard and the transmission lines system. The 
supporting mechanism to hang the high voltage conductors 
to the tower is cap-and-pin glass string insulator. In the 
switchyard area, bushing type insulators are commonly used. 
Salt contamination of high voltage insulator is one of the 
major technical problems encountered by the power utilities. 
To name a few, YTL and Paka Thermal Power Stations are 
experiencing the same problems. 
The nature of whd all over the Malaysia is generally light 
and variable. But there are some uniform changes of the 
wind flow patterns. Depending on these changes, four 
seasons can be recognized as southwest monsoon, northeast 
monsoon and two shorter inter monsoon seasons [l]. The 
southwest monsoon is usually started in the end of May or 
early June and finished in the month of September. The 
prevailing wind flow is generally southwesterly and light i. e. 
below 15 knots. The northeast monsoon usually started in 
early November and finished in March. During this season, 
steady easterly or northeasterly winds of 10 to 20 knots are 
found everywhere. The severely areas are identified in the 
east coast sides of Peninsular Malaysia where the wind may 
be reached 30 knots or more during the periods of intense 
surges of cold air from the north. The winds between the two 
inter monsoon seasons are generally light and variable [2]. 
The equatorial lies over the Malaysia during inter monsoon 
season. 
It is worth mentioning that during the month of April to 
November, when typhoons frequently develop over the west 
Pacific and move westwards across the Philippines, 
southwesterly winds over the northwest coast of Sabah and 
Sarawak region may be strengthen and reaching 20 knots or 
more. Mainly the Malaysia is a maritime country. Therefore, 
the effect of land and sea breezes on the general wind flow 
pattern is very remarkable especially in days with clear skies. 
In sunny afternoons, sea breezes of 10 to 15 knots are oftenly 
developed and spread out upto 10 kilometers to the inland 
area. In clear nights, the reverse process takes place and land 
breezes of weaker strength can be developed over the coastal 
areas. Observations are recorded that the wind speed 
increases during the rainy season's [3]. 
Small drops of seawater are produced when high waves are 
generated by the wind and collide with rocks and 
breakwaters. These are transported by the wind and 
contaminated the insulator. Minimum wind velocity does 
help the accumulation of contaminants on the insulator 
surface. Whereas higher wind velocity blown off the particle 
of contaminants from its surface. But some contaminants are 
still adhered to the bottom surface of the insulator. Therefore, 
the effect of wind velocity for the accumulation of 
contamination on the insulator surface is not negligible. The 
accumulation of contaminants of the insulator surface forms 
a dry Contamination layer. The dry layer of contaminants 
forms a conductive path when moisten by dews or light rain. 
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The high temperature evaporates the conductive layer for a 
short period and almost 90 YO contaminants are blown away 
from the surface by the wind velocity [4]. Since the 
remaining portion of contaminants is not removed by the 
wind and it can be produced high leakage current on the 
insulator surface under high humidity conditions. Ultimately, 
this situation can trigger to surface flashover [ 5 ] .  The 
flashover on the insulator surface are oftenly occur at wind 
velocity less than 3.5 &sec ' [ 6 ] .  The empirical relation 
between ESDD and wind velocity has been established based 
on practical data [7]. Here, the relation between ESDD and 
wind velocity has been developed using Dimensional 
Analysis technique and verified by the practical data. 
11. RELATION DEVELOPMENT 
In the practical field, the wind velocity, leakage distance of 
the insulator and static arc constant, influences the ESDD. 
For calculating the ESDD supply voltage is also required. 
Therefore, the relation between the above parameters can be 
written as: 
E S D D  = E S D D  ( w v ,  I ,  N ,  V >  ( 1 )  
For k = 1 ,  the solutions may be arranged in the matrix form 
as given below, 
E S D D  wv 1 N V 
1 n - 1  - - 3n+l -3 -1 
n n n 
3 n + l  I n - l  
x = E S D D  ( w v ) - ,  I N n  V (7) 
By applying the Bucking R theorem, the above equation can 
be derived as: 
The above can be modified by choosing the value of n is 
0.3 [8] and N ,  v are considered as constant [9]. 
This is the final relationship between ESDD and wind 
velocity of the contaminated insulator. 
The dimensional matrix of the above variables can be written 
as: 
111. DATA COLLECTION 
E S D D  wv I 
M 
T - 1  -3 
0 0 n-1 - 1  
Where k I ,  k 2 ,  k, , k , and k , are the exponents of the 
variables E S D D ,  wv, I ,  N and V respectively. Here, 
the rank of the matrix is 4. The dimensionless product of the 
whole set is 1. The algebraic equations from the above 
dimensional matrix can be written as: 
- 2 k l  + k 2  + k ,  + k ,  + 2 k ,  = 0 
k ,  + k ,  + k ,  = O  
k 2  + 3 k ,  + 3 k ,  = 0 
(n-1)  k ,  - k ,  = 0 
The expression of k , ,  k,, k, and k,in terms of k ,  can 
be derived from equation (2), (3),  (4) and ( 5 )  as: 
1 n - 1  3 n  + 1 
n n n 
k ,  = - k , ,  k ,  = -kl, k ,  = -k , ,  k 2  = - 3 k ,  
The effect of contamination severity is high near the 
coastal region. Here the major contaminants are the sea salt. 
This sea salt are contaminated the insulator of power stations 
and also transmission lines. In Malaysia, YTL and Paka 
Thermal Power Station is very near to the South China Sea. 
For measuring contamination severity in terms of ESDD, 
cap-and-pin glass insulator was installed about 50 meters far 
from the seacoast [3 ] .  The insulator unit is hung as a 
suspension type, around three-meter height from the ground. 
The experimental arrangement is shown in Fig. 1. The values 
of ESDD of the insulator are collected against different 
values of wind velocity. These are shown in Table 1 and 2. 
Fig. 1.  Experimental arrangement for collecting 
ESDD data. 
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Table 1. Values of ESDD against first group of wind velocity 
1 Windvelocity 1 ESDD 
(&sec) (mg/cm2) 
Table 2. Values of ESDD against 2nd group of wind velocity 
I Windvelocity I ESDD 
2.0 
IV. RESULTS 
0.00258 
The calculation of contamination severity in terms of 
ESDD of the insulator surface is not a simple work. This 
work is involved with the effect of environmental 
meteorological parameters, where transmission lines and 
switchyard are installed. Wind velocity is one of the most 
important parameter of them, which has great influenced of 
the contamination deposition on the insulator surface. 
The mathematical relationship between ESDD and wind 
velocity has been developed based on Dimensional Analysis 
technique. The values of ESDD of the insulator surface 
against different group of wind velocity are calculated from 
the equation (9). The values of ESDD obtained from the 
practical site are plotted in Fig. 2 and Fig. 3. The same 
obtained from the model is plotted in the Fig. 2 and Fig. 3 for 
comparison. From Fig. 2,  it is shown that the model results 
are in more consistent with the results obtained from the 
practical site at the first group of wind velocity. Here, the 
first group of wind velocity is considered from 2.0 m/sec to 4 
m/sec. 
But from Fig. 3, it is observed that the results obtained 
from the practical site is lower than the model results up to 
wind velocity 5 d s e c .  After this wind velocity, the practical 
values of ESDD of the hsulator surface higher than the 
model results. This inconsistent between the result is 
happened due to the higher wind velocity with different 
direction. In the higher wind velocity, the contaminants 
deposited on the insulator surface with anomalous way. At 
this time the values of ESDD either increased or decreased. 
But in general way, the values of ESDD will be increased 
with the increase of wind velocity. Sometimes the combined 
action of strong wind and rainfall removed the contaminants 
from the surface of the insulator. But in the long term, the 
wind velocity and its associated parameter such as wind 
direction are helping to accumulate more contaminants on 
the insulator surfaces. 
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V. CONCLUSIONS 
Near coastal area, the contamination severity of the 
insulator in terms of ESDD is a major problem for reliable 
operation of transmission lines. This problem can be solved 
economically by designing the insulator for the contaminated 
environment. Closed form mathematical relation is required 
for designing purposes. In this paper, a mathematical 
relationship between the ESDD and wind velocity of the 
contaminated insulator has been developed based on' 
Dimensional Analysis technique. The results obtained from 
the mathematical model are compared with the practical 
results and close agreements are found. 
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